Statistical analyses were performed with SPSS 25 (IBM Corporation). Continuous variables are displayed as mean and SD or median and interquartile range (if non-normally distributed). Categorical variables were compared using Fisher exact test. Multivariate analysis was © 2018 American Heart Association, Inc.
M echanical thrombectomy (MT) is the standard of care for acute ischemic stroke patients with large-vessel occlusions. 1, 2 Often several recanalization attempts are needed during MT to achieve recanalization. 3 However, it is unknown how many attempts should be performed before aborting the procedure. This retrospective study analyzed the efficacy of modern thrombectomy stentriever devices to achieve reperfusion after multiple retrieval attempts and the association with good clinical outcome.
Materials and Methods

Patient Selection
All stroke patients who underwent MT between 2010 and 2017 were analyzed. Inclusion criteria were at least 1 retrieval attempt with a stentriever, reported number of retrieval attempts and Thrombolysis in Cerebral Infarction scores. Only patients treated exclusively with stentrievers were included. The study was approved by the local ethics committee. Because of the retrospective and anonymized character of the study, informed consent of the patients was not required. The data that support the findings of this study are available from the corresponding author on reasonable request.
Intervention
Conscious sedation was the anesthesiological management in the majority of cases. Standard technique includes access via 8F femoral sheath, an 8F guiding/balloon catheter for carotid and 6F guide catheter for vertebral arteries. MT stentrieval devices included Solitaire, Trevo ProVue, ERIC, Aperio, Embotrap, and Revive. Employment of intermediate catheters was allowed, but no thrombus aspiration was performed.
Clinical Data
Baseline demographic data, National Institutes of Health Stroke Scale score, administration of intravenous thrombolysis, and modified Rankin Scale score at day 90 were documented during clinical routine.
Procedural Data and Image Analysis
Immediately after the procedure, the performing interventional neuroradiologist conducted image analysis and reported procedure details, including the number of thrombectomy maneuvers and the respective Thrombolysis in cerebral infarction scores using a standardized form, counting each completed stentriever placement and retrieval as 1 attempt. In case of a reocclusion during the procedure, the preceding retrieval attempt was considered unsuccessful. Follow-up computed tomography was acquired at 24 hours.
Stroke
October 2018 performed using binary logistic regression. P<0.05 was considered statistically significant.
Results
We identified 330 eligible patients, 47% were women, and the mean age was 69 years (patient selection flowchart: Figure  I in the online-only Data Supplement). The following stent retrievers were used exclusively or in combination: Solitaire (n=288 cases), ERIC (n=79), Trevo (n=39), Revive (n=8), Embotrap (n=2), and Aperio (n=1). Concomitant stenting of extracranial internal carotid artery stenosis was performed in 29 cases (8.8%). The median number of retrieval attempts was 1 (interquartile range, 1-2, maximum 8).
The first retrieval attempt resulted in a successful recanalization in 151/330 (45.8%) patients (Table) . In 26/330 patients, the intervention was aborted with persistent occlusion. In the remaining 153 patients, at least 1 further attempt was performed. As shown in Figure 1 , recanalization rates per retrieval attempt were highest for the first retrieval and lowest for the fifth retrieval (5/22 patients, 22.7%).
After 3 retrievals, successful recanalization was achieved in 224/330 patients (67.8%), and 24.4% of all patients in the cohort had a good clinical outcome. After the maximum number of attempts, 73.9% of patients were recanalized, and good clinical outcome was achieved in 25.6% of all patients ( Figure 2 ).
Patients with 1 to 3 retrieval attempts had higher rates of good clinical outcome than patients with 4 to 8 retrieval attempts (28.9% versus 7.4%; P=0.018). Multivariate logistic regression analysis for good clinical outcome was performed using data from 170 patients with available modified Rankin Scale score at 90 days and National Institutes of Health Stroke Scale on admission. After adjusting for age, National Institutes of Health Stroke Scale on admission, intravenous thrombolysis, and recanalization status, number of passages was an independent predictor of good clinical outcome (adjusted odds ratio, 0.65; 95% CI, 0.435-0.970; P=0.035).
Discussion
Recent clinical trials have shown the superiority of MT in acute ischemic stroke versus standard care. 1, 2 This study assessed recanalization rates and clinical outcome per retrieval attempt in MT.
In our study, the fourth and even further retrieval maneuvers still showed potential for recanalization with rates of ≈25% per attempt. This is comparable to a retrospective study that included only Merci retrievers. 3 Although successful recanalization is known to be a strong predictor of good clinical outcome, 4 recanalization after ≥3 attempts did not result in good clinical outcome in our patients. This is reflected by the cumulative rate of patients with good clinical outcome, which increases only marginally 15 (7) 15 (8) 15 (7) 15 (8) 16 (9) 15 (5) 14 (7) 15 (7) 18 (3) 24 (24) 15 (7) 18 (14) 16 (3) 
ICA indicates internal carotid artery; IQR, interquartile range; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; TICI, Thrombolysis in cerebral infarction; and tPA, tissue-type plasminogen activator.
*NIHSS available in 303 patients, mRS score at 90 days in 176 patients.
after the second retrieval (Figure 2) . However, the number of remaining patients decreased with increasing number of retrieval attempts decreasing the power of the analysis. The overall Thrombolysis in Cerebral Infarction 2b/3 rate of 74% in our study cohort is comparable to the rates reported in recent randomized controlled trials, 1 and to another retrospective study that included 354 patients treated exclusively with Solitaire devices, whereas the same study also emphasized the substantial role of the first retrieval for clinical outcome. 5 In multivariate analysis, more retrieval attempts were associated with worse neurological recovery, as has been reported recently. 6 Further studies are warranted to identify potential causes (eg, time intervals and potentially harmful multiple retrievals), as well as factors associated with persistent occlusions (eg, anatomic/clot specificities).
This preliminary study has several limitations, it represents experiences from 1 center, and clinical follow-up was not available in all patients. Dichotomization of modified Rankin Scale ignores shifts in scores above 2. Furthermore, a major bias has to be taken into account in all retrospective analysis of retrieval attempts: In our study, the procedure was aborted in 21% of patients during the first 3 retrieval attempts without achieving successful recanalization. In contrast, only 12% of patients had >3 retrieval attempts. Hence, the chance of an abortion of procedure was nearly twice as high as the chance of receiving >3 retrieval attempts. The reasons for the abortion of procedure are beyond the scope of this study. The decision was taken by the interventionalist in case of little prospect of flow restoration because of technical difficulties, vessel elongation, advanced time from symptom onset, higher patient age, and the overall prestroke condition.
This potential bias clearly illustrates the propensity of a randomized controlled trial to determine the optimal amount of retrieval maneuvers. A randomized controlled trial could randomize patients with unsuccessful recanalization status after 3 attempts into a treatment arm with further attempts and an abortion arm.
Such a design could also help to identify patients that could benefit from advanced retrieval attempts.
Conclusions
Two-thirds of patients are recanalized during the first 3 retrieval attempts. More than 3 attempts showed substantial recanalization rates but less favorable clinical outcome. A randomized controlled trial would be required to determine the optimal number of retrieval maneuvers. 
